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Summary
The goal of this investigation was to test the viability of film bulk acoustic resonator MEMS devices as sensors of neuronal activity. There were several key questions that needed to be answered in this regard. We laid out three tasks to be performed in this program:
1. Investigate the interaction of MEMS devices (film bulk acoustic resonator structures) with neuronal tissue. Will the neuronal tissue affect the resonant absorption fi-equency of an untreated device? 2. Derivatize the surfaces of MEMS devices to make them sensitive to neuronal activity indicators (such as potassium ion) and investigate their interaction with active neuronal tissue. Can devices be prepared with high enough sensitivity to make them useful for use inaNAS? 3. Derivatize the surfaces of emal electrodes and MEMS devices with neuron specific binding groups and investigate the interaction of these derivatized MEMS devices with active neuronal tissue. Can increasing the degree of interaction between the MEMS device and the neuron increase the sensitivity to neuronal activity?
In order to carryout these tasks we have built fbar-MEMS devices and tested them. The devices to be tested here were of a new design that allowed for direct access of the device to a tissue sample. This required a complete rework of the design of the MEMS devices and took a significant amount of time and effort to generate the devices. The devices were built on silicon substrates. The substrate had > 50 individual devises, with various sizes and shapes. This range of devices was needed to determine the optimal shape and size of device for tissue testing.
The initial designs of these devices had an exposed electrode, which could be put in direct contact with the tissue sample. The devices have good signal to noise and for rf absorption in air, but gave very poor signals when in contact with water or a tissue sample. The fluid medium damped out the MEMS acoustic oscillations killing the signal. Over-coating the device with a thin film of parylene led to devices which gave an excellent signal, when in contact with the tissue sample. This study completed step 1. of our desired goals.
The water stable and active devices were treated with solutions of sodium, potassium and cesium salts. The carbonate and bicarbonate salts gave a strong MEMS response, with the shift in resonance frequency being roughly proportional to the mass of the cations (i.e. Na > K > Cs). This response was highly pH dependent, however, only giving a measurable response at pH levels above 8, with an optimal pH > 10. Thus the MEMS device is a very useful mass sensor, but it must be treated to achieve efficient discrimination of potassium from the background of other ions. Moreover, the active pH range must be shifted to the physiologically relevant range (i.e. 7.0 -7.4).
We have prepared crovra ether complexes and bound them to the active MEMS surface. The crown ethers selectively bind potassium ion over sodium, with a high level of specificity. Unfortunately, these crown treated devices give low MEMS signals and poor discrimination between sodium and potassium. The problem here is a low surface concentration of the crown ether. We are working now to increase the surface density of crown ethers.
The third goal in our program was the selective binding of neurons to metal electrode materials. The MEMS device has a top metal electrode that will be used to anchor the MEMS device to the tissue sample. In order to accomplish this we need to develop the technology for selectively binding neurons to metal surfaces. This program has only been done at metal and metal-nitride surface and not applied to MEMS devices at this time. This has been accomplished by first treating the metal surface with alkylthio-carboxylic acids (HS-(CH2)n-C00H), followed by exposure to antibodies (specific to neuron proteins) and amide coupling reagents. The antibodies bind to the surface covalently at high density. We have tested the antibodies with their specific antigen and found that > 50% of the surface bound antibodies are active. In a parallel set of experiments we have demonstrated that cell adhesion molecules can also enhance the binding of neurons to inorganic surfaces.
The details of all of these experiments are given in the pages below. 
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